ABSTRACT. The effect of an increased energy and protein intake was studied on the whole body protein metabolism of 4-to 9-yr-old children with cystic fibrosis. The study was divided into an initial 1-yr period, followed by a treatment period of the same length. Rates of protein turnover were determined using a ['SN]glycine label and the Picou and Taylor-Roberts model. The children had significantly higher intakes during the treatment year and grew faster. Nitrogen retention and utilization were significantly increased during the treatment year ( p < 0.01).
seling and food supplementation on the protein metabolism of children with ~f i within a larger program looking at the effect of such rehabilitation on the growth of these children (3) .
MATERIALS AND METHODS
The study group consisted of eight children aged 4 to 9 yr in whom CF had been diagnosed for at least 2 yr. All entered the study voluntarily and with parental consent. The study was approved by the Ethics Committee of the Montreal Children's Hospital. The 1st yr of the program (control period) consisted of careful observation and analysis of dietary intake of these children with no attempt at intervention. During the 2nd yr (test period) of the program, in an effort to improve their growth, the children were encouraged to eat more total food and to take a variety of energy-rich drinks. A complete description of the program has been previously published (3). The energy-rich drinks were based on recipes devised by our dietitian and were made at home with milk, vegetable oil (corn or soy), corn syrup and sugar, plus food flavoring agents. The energy density of the drinks was 1 kcal/ml and the proportions of energy in the supplement were 12,63, and 24% for protein, carbohydrate, and fat, respectively. The subjects were seen in the clinic every 2 months and were questioned regarding their food and supplement intake and encouraged to continued and to increase their energy intake, aiming at at least 130% of requirement level (3) .
Weight and height were measured at the start of the study and then at each clinic visit. The children were clinically stable during the study. Details of their clinical status and bone age have been published previously (3) . Height and weight growth velocities were expressed as SD scores for sex and age (3) . SD scores were calculated using the formula, SD scores = (x -f)/Sx, where x is the patient's measurements, f is the 50th percentile value of normal children of the same age and sex (4), and Sx is the SD for the particular year and sex (4) .
During the 4th month of the control period and the 6th month of the test period, the children were admitted to the hospital for a 3-day metabolic balance and protein turnover study.' The subjects were fed a balanced North American diet ad libitum.
Dietary protein and energy intakes were estimated using standard food composition tables (5) . Urine and feces were analyzed for total nitrogen by micro-Kjeldhal technique (6). Fecal energy content was determined by oxygen bomb calorimetry.
To study the dynamic aspects of whole body nitrogen metabolism, a modification of the Picou and Taylor-Roberts (7) a p Our experimental design called for the metabolic studies to be carried out in the middle of the particular study period. The choice of the 4th and 6th months was for convenience to fit in with xhool holidays, thus avoiding having to take the children out of school.
PARSONS ET AL. proach was used (8, 9 (9, 10) and its 15N content determined by dual inlet collector isotope ratio mass spectrometer (Vacuum Generators, Micromass 602D, Winsford, Cheshire, UK) (1 1).
DATA ANALYSIS
The I5N enrichment of urinary urea was calculated as previously described (9, 10) . The achievement of an isotopic steady state in urinary I5N-urea was determined by both visual inspection (7, 9, 12) and computer prediction (13) . Once the steady state isotopic plateau was reached (usually by 24 h after the study started), the urinary [I5N]urea enrichment was averaged for the next 24-h period in order to allow for any diurnal variation caused by meal feeding (13) . This mean value of the isotopic plateau was then used to estimate rates of whole body amino acid flux (Q), protein synthesis (S), and protein breakdown (B) using the Picou and Taylor-Roberts model (7) .
Statistical comparisons were performed using paired t tests and correlation analysis.
RESULTS
Clinical parameters of the children upon entering the study are shown in Table 1 . There were no changes in the disease activity score over the 2 yr of the study. Mean height and weight growth velocities of the children converted to SD scores are listed in Table 2 . A SD score of zero indicates a normal average rate of growth compared with the reference population (4). Thus, during the control year the children were showing inadequate growth in both height and weight. With the increased energy ingested during the 2nd yr (Table 3) , the children showed normal growth rates. Weight growth velocity was significantly increased ( p < 0.05) during the test period and was correlated in absorbed energy intake (3). Height velocity was also increased ( p < 0.10 but > 0.05). Intake of nitrogen and energy and nitrogen balance were significantly increased during the test period compared with the control period (Table 3) . Net nitrogen retention (N balance/ N intake x 100) was also improved during the test period (30.9% k 1.7 versus 20.2% k 1.7) ( p < 0.01).
We examined intake data, nitrogen balance, and protein turnover data of the two nonsteatorrheic subjects (nos. 7 and 8) compared with the other six subjects for differences using a Mann Whitney U test (1 4) . No significant differences were found.
We also performed the paired comparisons (i.e. control cf treatment periods) with and without the nonsteatorrheic children and it did not change our conclusions. Therefore, we felt justified to include all the subjects in our analyses.
Rates of total body amino nitrogen flux, protein synthesis, and breakdown are shown in Table 4 . No changes were seen between the two study periods for either Q or S. The rates of protein breakdown were, however, significantly reduced ( p < 0.05). Net protein synthesis (S-B) was also significantly increased during the test period ( p < 0.01). This parameter represents the net balance between anabolism (S) and catabolism (B). The economy of whole body nitrogen metabolism is shown in Table 5 . During the test period there was a reduction in the fraction of the amino nitrogen flux utilized for protein synthesis (S/Q) ( p < 0.05) and in the proportion of flux coming from endogenous protein breakdown (B/Q) (p < 0.05).
Protein and energy intakes and growth rate were examined for correlations to the parameters of protein turnover. No relationship was seen with energy intake. However, protein intake correlated inversely with the fraction of amino nitrogen flux coming from endogenous protein breakdown (B/Q) during both study periods ( p < 0.0 1). Linear growth velocity during the treatment year correlated inversely with amino nitrogen flux ( p < 0.05), protein synthesis ( p < 0.05), and breakdown ( p < 0.05). Weight growth velocity, however, did not correlate with any of the protein turnover parameters.
DISCUSSION
The level of protein and energy that these children took during the balance periods was comparable to their intake at home. Thus, the higher voluntary intake during the test balance study reflected the higher intake during the test period. The improved efficiency of nitrogen retention can be attributed to the higher absorbed energy intake. During the control period, height and weight growth were less than the normal population, whereas during the test year, growth was occumng at the same rate as the standard population for sex and age (4) .
We have recently demonstrated a diurnal variation in urinary *Nitrogen and energy intake (p < 0.05) and nitrogen balance (p < 0.01) both increased significantly during the test period when analyzed using paired t tests. [15N]urea excretion and in the parameters of protein turnover and shown that they are related to meal feeding (1 3). The subjects in the present study were also meal fed (as distinct from continuous 24-h feeding) and we were concerned only with the average daily turnover rates. We therefore chose to average the urinary [I5N]urea enrichments over a 24-h period after it was judged that an isotopic steady state was achieved. A more complete discussion of the diurnal variation in urinary [ISN]urea enrichment and isotope recycling can be found in our earlier paper (13).
However, averaging the urinary [I5N]urea isotopic enrichments from 24 to 48 h of each study provided a reasonable estimate of daily protein turnover average rates and minimized any effects due to isotope recycling (1 3).
The rates for whole body amino nitrogen flux, protein synthesis, and breakdown in the present study are similar to those that we have reported in obese adolescents (1 5) . They are also similar to the rates reported by Picou and Taylor-Roberts (7) in children 10 to 20 months of age of normal nutritional status, Kein et al. (16) for children 4 to 10 yr old recently recovered from bums, and by Adenyi-Jones et al. (17) in prepubertal children. There is therefore no evidence that the basic disease (CF) has any effect on the protein metabolism of these children.
Our results are in keeping with the data of Adenyi-Jones et al. (17) who have shown that the increased rate of growth during puberty can be accounted for by reduction in whole body protein breakdown rather than by an changes in amino nitrogen flux or protein synthesis. Other studies have shown that rates of protein turnover (i.e. both synthesis and breakdown) are increased during the first few weeks of nutritional rehabilitation (8, 19) . It is possible that if studies had been done in the first few weeks of the increased energy intakes increased rates of turnover would have been observed. However, the test metabolic study was done at 6 months of the treatment year. It is probable, therefore, that any acute initial changes in protein metabolism would be over and the results seen represent a steady state condition.
It is of interest to note that the improved growth rates are associated with a reduction in breakdown rate and no increase in protein synthesis. The increase in lean tissue, which presum-ably occurred with height and weight growth, requires an increase in the body's protein content. The body's protein content in turn will increase if the net protein synthesis (S-B) is positive. Since protein synthesis is an energy expensive process (8), while protein breakdown is not, the enhancement of net protein synthesis by a reduction of protein breakdown relative to protein synthesis is clearly an energy efficient adaptation permitting increased growth at a minimal energy expenditure.
